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(§4) Airflow measuring centrifugal fan. 

@ A centrifugal fan (20) having an integral air 
flow measurement apparatus, the fan including 
an inlet cone (26) having a flared inlet (58) for 
receiving air and a flared outlet (60) for expel- 
ling air into the center of a rotating fan wheel 
(24). The cone (26) has a throat (72) having a 
minimum diameter, with apertures (76) defined 
within the throat (72) and in communication 
with a manometer (30). Apertures (78) in the 
face of the cone near the flared inlet (58) are 
connected to the manometer (30) to provide a 
pressure comparison between the face of the 
fan (20) and the narrowest portion of the throat 
(72). A controller monitors the pressure diffe- 
rential, calculates a flow rate based on known 
characteristics of the cone, and adjusts the fan 
speed to maintain the desired air flow. 
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BACKGROUND OFTHE INVENTION 

This invention relates to ventilation systems, and 

particularly.to those for industrial applications, . includ- 
ing those with centrifugal fans. 

Two important factors affect the design and per- 
formance of industrial ventilation systems: efficiency 
and precision flow measurement capability. Every 
system has a particular efficiency level that is a func- 
tion of how readily airflows through the system. Each 
component of a system, through which air .flows pres- 
; ertts;^ certain amount of resistance to air flow: This 
resistance isdetermined by the size and shape of the 
component, and by the nature of any obstacles or sur- 
faces over which the air flows. Generally; compo- 
nents that are wider, smoother, straighter and shorter 
have Jess resistance to ajrflpw, and therefore provide 
a more efficient system. Improved efficiency permits 
the use of a lower capacity fan to generate air flow in 
the system, and requires less energy to maintain a 
given flow. Consequently, improved efficiency can 
reduce equipment and operating costs. ^ 

In many ventilation systems, it is advantageous 
to precisely measure the rate of airflow through the 
system. This ensures compliance with various codes 
and functional specifications, and is particularly im- 
portant in specialized applications such - as clean 
room ventilation systems. Systems without precise 
flow measuring capability must be overdesigned with 
excess capacity, and operated at excess levels to en- 
sure compliance with operating specif ications. In ad- 
dition, filters used in some systems become more re- 
sistant to air flow as they become cloggy with par- 
ticles over time. Thus, fan speed must be. increased 
to maintain the specified air flow. This-capability re- 
quires precise measurements toindicate,what adjust- 
, merit s are needed. t . .. 

\t is. possible to characterize the air_f (pw perfor- 
mance qualities ^ individual system .components 
such as fans. Such a characterization would provide . 
a set of curves, each indicating the rate of air flow 
through the.fan as a f unctioaof thejoad^pr air f Iqw re- 
sistance upon which the fan is acting, ; giyen a partic- 
ular rate , of fan rotation, As. the fan . rotation rate is 
changed, a different characterization curve must be 
, applied to determine the rate of air flc^v through the 
fan. Alternatively, the curve may represent flow rate 
. as a function of rotation under a constant- load. While 
such laboratory characterization may.be feasible for 
certain individual pftthe-shelf components, such as 
-fans, it is impractical to characterize entlr-e ventilation 
systems, which differ widely from one application to 
the next. . , 

Existing air flow measurement systems have had 
to weigh the trade-offs b t ween efficiency and preci- 
sion of measurement. Each of theprior art. rneasure- 
iiment systems cr ates an pbstrurfion^orj constriction 
^within the airflow, and measures the effect of the ob- 



struction or constriction on the air pressure at a cer- 
tain point in the system. Increasing the size of the ob- 
struction or amount of the 1 constriction provides gen- 
erally more precis pressure measurements but re- 
5 duces system efficiency. 

A pitot tube is a basic example of an obstruction- 
type measurement device. It has an orifice facing di- 
■ rectly upstream to provide a total,; static, and/or veloc- 
ity pressure measurement; Precision depends on the 
10 : reietive area of the opening that faces the air stream, 
by the numbsr and position of openings within the air 
stream, and by the velocity of the air stream being 
measured. For precision, several openings of appre- 
ciable diameter should .be provided within the air 
15, stream. At least some of the openings should be cen- 
trally located in the stream to reduce errors arising at 
the air stream boundaries. Conduits transmitting 
pressure from the openings to pressure transducers 
.must be suff iciently rigid to withstand the force of air 
20 flow. AH such:conduits and other supports within the 
air stream further cause turbulence and impede the 
flow of air, reducing system efficiency. A pitot tube 
placed in a segment of the system having a large 
: cross-sectional area and a low airflow velocity will be 
25 imprecise, but will have minima! harmful effect on 
system efficiency. One placed in a higher velocity re- 
gion will have higher precision, but will obstruct a 
larger fraction of the conduit area and reduce efficien- 
cy due to the increased velocity, of airflow. '■ 
30 ■ .j A venturi tube is an example of a simple air flow 
measurement device that operates by constricting 
the air flow in the conduit. The venturi tube has a giv- 
en initial diameter- which narrows down to a throat of 
lesser diameter, causing the velocity of air passing 
35 through the throat to excead the initial velocity. One 
pressure tap monitors the air pressure within the ini- 
tial conduit, and a second tap monitors pressure with- 
in the throat. This pressure differential is measured to 
determine the air flow rate: I h its simplest form, a ven- 
40 ; turi tube may take the form of an orifice plate having 
a limited aperture for constricting the air flow, with 
pressure sensors upstream and .dowhstreamfrom 
the orifice plate.. This second type of air flow sensor 
is accurate only to the extent that it creates a signif i- 
45 cant back pressure in the air stream. As with the ob- 
struction-type sensors, the increased flow resistance 
needed for precision also creates system ineff icien- 

One constriction-type air flow sensor takes the 
so > form of a nozzle having ; a flared inlet shaped much 
; like a trumpet bell, and which smoothly narrows to a 
cylindrical throat having limited diameter and termin- 
ating at an outl tTh cylindrical throat has a constant 
^circular cross-sectional profile over an extended 
55 . length. At an intermediate position along its length, 
-the throat defines holes opening into 'its interior and 
■: in communication; with pressure sensors. A pressure 
comparison with th region upstream of the nozzl 
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permits an air flow calculation as discussed above. 
SUMMARY OF THE INVENTION u. 

The present invention provides a centrifugal fan 5 
having an inlet cone that has a flared inlet and a flared 
outlet, and which includes a pressure tap or taps posi- * 
tioned in the throat of the cone at or. near the position 
having the narrowest diameter. A second tap or set of 
taps is connected with holes in the inlet of the cone. 10 
A pressure sensor determines the pressure differen- 
tial between the two sets of taps and sends a signal 
to a controller, which calculates the air flow rate 
through the inlet cone and; adjusts the" fan speed to 
maintain the airflow volumeat a predetermined rate. 15 
The fan may be included in a system having duct work 
and elements through.which.the air flow passes, with 
the effective diameter of the narrowest portion of the 
inlet cone being less than that of any single one of or 
parallel group of the. elements. Consequently,' the 20 ■* 
pressure differential is greatest across the inlet cone 
at a. given airflow rate through the system. > • 

A mcin object of* the present invention is to pro- 
vide an air flow sensor for a system including a cen- 
trifugal fan wherein the sensor does not impair the ef- 2s 
f iciency of the system and wherein in the sensor may 
precisely detect small. chang2s in the air flow volume 
rate. * ;■• ■.■.<•. : ;. ; r 

Other. objects of the invention will be apparent 
from, the: following description taken in' connection 30 
with the accompanying drawings; i 

BRIEF DESCRIPTION OF THE DRAWINGS 1 

FIG. 1 is a schematic cross-sectional side view of 35 
a preferred embodiment of the invention as installed 
in a building ventilation system. 

. FIG. 2 is a detailed cross-sectional side view of 
the embodiment of FIG: 1. - T )? 

FIG. 3 is a fragmentary crossrsectional view of a 40- 
pressure tap taken along line 3-3 of FIG. 1v 

. FIG. 4 is an axial view of the pressure transmis- 
sion, conduits of the embodiment of FIG. 1. 

DETAILED DESCRIPTION OF A PREFERRED 45 - 

EMBODIMENT 

FIG. 1 shows a building ventilation system 10 
having a central station air handler 12 connected by 
ductwork 14toa building space 16:. A centrifugal fan so 
unit 20 is attached within the air handler 12 for circu- 
lating air through the system 10. The fan unit 20 in- 
cludes a fixed electric motor 22, a rotatable centrifu- 
gal bladed fan wheel 24 mounted to the motor shaft 
to b driven thereby, and an inlet cone 26; A pressure 55 ! * 
sensor 30 is connected to det ct and compare the 
pressure at the f ront of the inlet cone and at the nar- 
rowest point of the, inlet cone. The sensor 30. trans- 



mits an electrical signal to a controller 32, which is op- 
erably connected to the motor 22 to adjust the motor 
speeii in response to the detected pr ssure to main- 
tain a preselected air pressure differential. Conse- 
quently, a pr s lected rate of air flow may be main- 
tained. Alternatively, the controller may adjust an inlet 
damper to control the air flow volume. The controller 
may also adjust the drive ratio between the motor and 
the fan wheel: The controller need riot automatically 
control* an element of the system, but may simply 
comprise 1 a display, guage, recorder; or computer 
data stbrage^systerri to permit monitoring of the sys- 
t3rrtby human operators, enabling manual system ad- 
justments- ' * . - 

The central station air handler 12"may include a 
wide variety, of air processing components used for 
processing air in typical applications such as building 
ventilation and clean room air systems. Such compo- 
nent's are generally arranged in series so that all air 
passing through the handler 12 passes sequentially 
through each of the components. In the illustrated ex- 
ample, air processed through the' central station air 
handler^ 2 passes sequentially through: an air han- 
dler intake 34 connected to ductwork 14; an intake fil- 
ter 36; an electric heater unit 38; a cooling coil 42; a 
plerium ; 43; the inlet cone 26; the biaded wheel 24; a 
-sound trap 44; an output fi iter 46; and an outlet 48. 
The -cent raf station air handler 12 may also include 
bther^air' processing components such as humidifi- 
ers:- ■ - " '-' ; * H - •*--' 
r * > \ri the illustrated system, each component has a 
givenTesistarice to airflow. Some components, such 
as darripejrs' or valves (not shown) may have select- 
' ably variable levels of flow resistance. The flow resis- 
tance erf certain other components varies with use. 
For instance, filters become more resistant to airflow 
as they become clogged with particulate matter, and 
cooling coils may present a greater resistance to air 
flow as- water 'condenses on their surfaces. Each 
component has art inherent "design" air flow 'resis- 
tances hder worst case conditions, and a minimum 
resistance 1 under ideal conditions. Each component 
has an "effective diameter" equivalent to the diarriet r 
of an orifice having the same airflow resistance. 

•'-'Under'' normal operating conditions, a pressure 
drop occurs across each component. This pressure 
drop may be measured by comparing the pressure 
immediately upstream and downstream of each com- 
ponent The pressure drop across the inlet cone 26 in 
one-embodiment is equivalent to about 15 inches of 
water under riormal cperating conditions. Each of the 
other illustrated components has a pressure drop 
generally less than about one inch of water. There- 
fore. the pressure differential across the cone is sub- 
stantially great* r than that across any of ; the other 
compoKerits. 'Furthermor , in most cases, the pr s- 
sure "diff fehtlal across the cone is greater than the 
suriVtdta? bf the pressure drops across all other conrv 
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ponents irt the entire system. Put another way, the in- 
let cone gen rally defines the highest velocity of air- 
flow within the system. Because high velocity flow 
generates a low pressure, a pr ssure comparison be- 
tween the cone's throat and an essentially static re- 
gion in the system provides a significant, precisely 
measured value. 

The inlet cone 26 has the smallest effective diam- 
eter of any : system component; A set of narrow ducts 
transmitting flow through parallel paths at relatively 
low velocity is considered to be a single system com- 
., ponent' 

Ventilation systems may be created in innumer- 
able configurations. The building space 16 may com- 
prise a single room, or numerous rooms sn one or 
more buildings. The ductwork 14 may include a net- 
work of branching ducts of various diameters so that 
air may flow through any number of alternative paths. 
The illustrated system also shows a fresh air intake 
duct 52 and may include any number of other intake 
and output apertures. 

As shown in FIG. 2, the centrifugal ten unit 20 is 
arranged with the inlet cone 26 mounted flush with a 
plenum wall 54 so that all air encountering the wall 
must pass through; the inlet cone. The cone includes 
a flared inlet 5a and a flared outlet 60, and has an in- 
terior surface 62 and an exterior surface 64. The in- 
- terior surface 62 defines a passage 66 centered on an 
axis 70, which is also the axis of rotation bf the bladed 
fan wheel 24. The interior surface 62 has a partly tor- 
oidal pross-secticn. Put another way, the surface 62 
is defined as a surface, of revolution of a circular arc 
segment about the axis 70. Generally speaking, the 
passage 66 is circular, with a diameter that is widest 
at the inlet 58. The effective- diameter narrows to a 
minimum at a throat portion 72. Because the outlet 60 
is flared, the diameter at.the outlet is -larger than the 
diameter at the, throat 72. In a cross-sectional plane 
that includes the axis;70 ; the profile of the -cone is a 
curve having a constant radius over a majcr portion 
of its length. Thus, the throat portion 72 is a circular 
band having essentially no width. In practical terms, 
the throat portion may have a finite width extending 
beyond the theoretical region of minimum diameter. 

At the inlet 58 the cone includes an annular 
flange 74 in a plane perpendicular to the axis 70. The 
toroidally curved portion of the cone makes a smooth 
tangential transition from the flat flange 74. 

The cone 26 defines four small throat apertures 
76, each of which passes between the interior surface 
62 and the exterior surface 64. The throat apertures 
76 are evenly distributed at 90° intervals at the nar- 
rowest throat region 72 of the cone. In embodiments 
of large size, the cone may be formed in two pieces, 
with a seam at the throat. In thes cases, the aper- 
tures 76 ar slightly offset away from th seam to fa- 
cilitate manufacturability. Four face apertures 78 are 
distributed in a circular array at 90° int rvals where 
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the flange 74 transitions to the curved portion of the 
inlet cone. The throat apertures 76 are interconnect- 
ed by a first conduit 82 which is connected to the pres- 
sure sensor 30. The conduit 82 fully encircles the 
5 cone so that air may flow therethrough to equalize the 
pressure between any of the apertures 76. The con- 
duit includes a shunt 83 connected to the pressure 
sensor 30 to provide an average pressure in the throat 
of the inlet cono. 

10 Similarly, the face apertures 78 are interconnect- 

ed by a second conduit 84 which is Connected by a 
shunt 85 to the pressure sensor 30. As shown in FIG. 
2, the pressure sensor 30 is a U-fube manometer 
serving as a pressure comparator. The shunt 83 of the 

15. first conduit 82 is attached at one end of the manom- 
eter and the shunt 85 of the second conduit 84 attach- 
ed at the other end. FIG. 4 illustrates schematically 
how the conduits £2, 84 are connected to the aper- 
tures as discussed above. 

20 * * ■ The face apestures 78 are included in the cone to 
provide air flow measurement in a single unit. How- 
ever, any pressure sensor positioned in the plenum 
upstream of the fan will provide suitable results. Less 
accurate results that may be suitable for some appli- 

25 cations may be obtained with a sensor positioned 
anywhere else within or outside of the system, or 
without any pressure sensor ether than one within the 
cone throat. 

30 EXAMPLE 

The fan wheel 24 and motor 22 are of a conven- 
tional nature. An example is disclosed in U.S. Patent 
No. 4,859,140 to Passadore which is incorporated 
35 herein by reference. T he motor shaft need not be co- 
incident with the axis 70. The motor may be posi- 
tioned at a separate location, with a belt drive mech- 
anism transmitting power to the wheel 24. Alterna- 

• tively, a double-width-double-inlet fan having two 
40 bladed wheels and two inlets cones may be employed 

without departing from the principles of the invention. 
The fan wheel 24 is preferably a backwardiy inclined 
airfoil type of impeller, although other centrifugal or 
axial fan impellers may be employed; 

45 In the preferred embodiment, the inlet cone may 

=' have a throat diameter within, but not necessarily lim- 
ited to, a range between 7.5 and 45 inches. Cones 
within this range will have corresponding flange out- 
side diameters ranging between 14.25 and 81.5 in- 

50 ches, axial inlet-to-outlet lengths ranging' between 
f 3.8 and 22:5 inches; and profile radii ranging between 
2.5 and 1 5.1 inches. Intermediate sizes and those be- 
yond these exemplary range limits have generally 
proportional dimensions. 

55 In the pref rred embodiment, the pressure 30 in- 

* eludes a U-tube manometer Series 1227, available 
from Dwyer of Michigan City, Indiana, and a trans- 
ducer for g nerating a voltage proportional to the 
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pressure within a range of 0-10 volts DC, and for de- 
livering a current of 4-20 milliamps. The controller 32 
is a Vel-tro|™ model' 13000A2 indicating transmitter- 
controller from Air Monitor of Santa Rosa, California. 

Having illustrated and described the principles of 
my invention by what is presently a preferred embodi- 
ment, it should be apparent to those skilled in the art 
that, the illustrated -embodiment may be modified 
without departing from such principles; I claim as my 
invention not only the illustrated embodiment, but all 
such modifications, variations and equivalents there- 
of as come within the true spirit and scope of the fol- 
lowing claims. f * 
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8. . The apparatus of claim 1 including multiple aper- 

tures positioned in the throat of the inlet cone. 

9. -The apparatus of claim' 8 wherein the multiple 
. ^apertures are interconnected to provide an av r- 

<\sge pressure. {1 

10. The apparatus of claim 1 wherein the air-moving 
eiement is a centrifugal fan wheel. 

11. .The apparatus of claim 1 wherein the cone fur- 
ther defines a second aperture positioned nearer 

. : the inlet than is the first aperture. - ■ ' 
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Claims 



A fan for a ventilation system comprising: 
a frame; r • i .■; , r . 
. f an air-moving element, operably connect- 
ed to the frame; - ... 

an inlet cone, attached to.the frame, the in- 
jet .cone defining a major passage through which 
air may pass, the passage having an inlet with a 
first width, a throat having a lesser second width, 
and an outlet flared to a third: width greater than 
the second widtlvthe outlet generally facing the 
air-moving element; 

the cone defining a first aperture in com- 
munication with the passage and positioned at 
the throat; and 

. a first, pressure sensor in fluid communica- 
tion with the first aperture. ,-. 

The apparatus of-claim 1. including a controller 
operably connected to the first pressure sensor 
and to the air-moving element. ~ 

The apparatus of claim 1 wherein the cone sur- 
face Refines a toroidal section., ; ., r : t ■ - . : 

The, apparatus of claim 1 wherein the threat has 
. a minimum diameter portion through v/hich the 
first aperture is defined. 



The apparatus of claim 1 wherein the cone is de- 
fined by a surface of revolution about a primary 
axis. : . . „ • . 

The apparatus of claim 5 wherein the first aper- 
ture is positioned, on a first cone surface portion 
tangent to a line parallel to the primary axis. 
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The apparatus of claim -1 including a second 
- pressure sensor positioned outside the major 

passage and connected to the first pressure sen- 
. sor.~ ' : * - 



20 ;;.v13; -A ventilation system comprising: 

a plurality of components interconnected 
, in fluidxommunication with each other to define 
57 ; ' .an. air flow path; 

•■ : ■ . each component having its own minimum 
resistance to air flowing therethrough; 

o ; ; a first one of the components comprising 
afan.inletcone having a first minimum resistance 
■ ' to aj.f low greater than the minimum resistance to 
, airflow of any other single componant; 
:k.v «; :the inlet cone defining a passage through 
which.air may pass, the cone further defining a 
first aperture in communication with the pas- 
,■- sage; arid : > . > 

v 'Tnii *a pressure sensor in communication with 
. . the;first:aperture.» . ' 



14. Tfie;;&ystem of claim 11 wherein the' cone defines 
, ,a second. aperture spaced apart frorinfthe first 

. . . .aperture,. the second aperture ! being in commu- 
nication with a second pressure "sensor. -'" 1 

1 5. The^ystem of claim 11 wherein the first and s c- 
» . ond pressure sensors together comprise a pres- 

•>■• ■ suretcomparator. '■*■/. 
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7. The apparatus of claim 5 wherein cone def ines a 
second aperture, positioned on a. second cone 
. , surface portion facing ,in a direction parallel to.the 
. primary .axis. ; ,* ; .. . * , . 
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